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The title coordination polymer, {[Cd2(C 8 H405)2(C 14 H 8 N4)2]-- 
2H 2 0}„, has a layered structure. The asymmetric unit contains 
two Cd 11 ions, two pyrazino[2,3-/][l,10]phenanthroline, two 5- 
hydroxyisophthalate (hip) ligands and two lattice water 
molecules. Each Cd 11 ion is coordinated by two N atoms from 
a chelating pyrazino[2,3-/][l,10]phenanthroline and four O 
atoms from three different hip ligands, resulting in a distorted 
CdN 2 0 4 octahedral coordination environment. The hip ligand 
connects adjacent Cd 11 ions, forming forming layers parallel to 
(010). Intralayer O— H- ■ O hydrogen bonds involving the 
hydroxy groups and solvent water molecules consolidate the 
crystal packing. 

Related literature 

For metal-carboxylate complexes containing a pyrazino[2,3- 
/|[l,10]phenanthroline ligand, see: He & Han (2006); Han et 
al (2009); Wang et al. (2007). 




Experimental 

Crystal data 

[Cd 2 (C 8 H 4 0 5 ) 2 (C 14 H 8 N 4 ) 2 ].2H 2 0 

M, = 1085.54 

Triclinic, PI 

a = 8.6754 (13) A 

b = 15.1114 (17) A 

c = 15.629 (3) A 

a = 92.903 (16)° 

/3 = 97.143 (13)° 



Data collection 

Bruker APEX area-detector 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Sheldrick, 1996) 
T min = 0.681, T max = 0.751 

Refinement 

R[F 2 > 2a(F 2 )] = 0.031 

wR(F 2 ) = 0.114 

S = 1.07 

9275 reflections 



y = 95.515 (9)° 
V = 2019.6 (5) A 3 
Z = 2 

Mo Ka radiation 
jtt = 1.13 mm -1 
T = 293 K 

0.37 x 0.33 x 0.27 mm 



11100 measured reflections 
9275 independent reflections 
8147 reflections with / > 2a(l) 
R iM = 0.061 



595 parameters 

H-atom parameters constrained 
A/w = 0.70 e A~ 3 
Ap m m = -1.43 e A~ 3 



Table 1 

Selected bond lengths (A). 



Cdl-07 


2.205 (3) 


Cd2-02 


2.202 (2) 


Cdl-Ol 


2.259 (2) 


Cd2-06 


2.295 (3) 


Cdl-N2 


2.339 (3) 


Cd2-N5 


2.325 (3) 


Cdl-04 1 


2.360 (2) 


Cd2-09" 


2.332 (2) 


Cdl-Nl 


2.367 (3) 


Cd2-N6 


2.343 (3) 


Cdl-05' 


2.384 (3) 


Cd2-O10" 


2.362 (3) 


Symmetry codes: (i) — x, —y. 


-z; (ii) -x-\ 


- 1, -y, -z + 1. 
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Table 2 

Hydrogen-bond geometry (A, °). 



D-H- ■ A 


D-H 


H-A 


D- ■ A 


D-H - A 


03-H3B- ■ CGW 1 " 


0.82 


1.84 


2.659 (4) 


177 


08-H8/1- ■ OIW™ 


0.82 


1.85 


2.672 (4) 


177 


OIW-HIWA- ■ 09 v 


0.85 


2.14 


2.912 (4) 


150 


OIW-HIWB- ■ 02 v 


0.85 


2.27 


2.963 (4) 


138 


02W-H2WA- ■ 04 vl 


0.85 


2.28 


2.880 (4) 


127 


02W-H2WB- ■ 07 vl 


0.85 


2.33 


2.955 (4) 


131 



Symmetry codes: (iii) x, y — 1, z\ (iv) x — 1, y — 1, z; (v) x, y + 1, z\ (vi) x+ l,y + 1, z. 



Data collection: SMART (Bruker, 2001); cell refinement: SAINT 
(Bruker, 2001); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXL97. 



The author thanks the Program for the Foundation of 
Liaoning Province (L2010148) and phD Initial Funding 
Project of Liaoning Province (2010010174-401). 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: DS2166). 
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cafe/7a-Poly[[bis(ti 3 -5-hydroxyisophthalato)bis(pyrazino[2 r 3-f| 
[1,10]phenanthroline)dicadmium] dihydrate] 

Peng-Cheng Zhao 

Comment 

Recently, several metal-carboxylate complexes containing an N-donor chelate ligand TATP and its large analogue DPPZ 
dipyridophenazine have been reported (He & Han, 2006; Wang et ah, 2007; Han et ah, 2009). I report here a new one- 
dimensional Cd" coordination polymer constructed by Cd" ions, pyrazino[2,3-/|[l,10]phenanthroline (TATP) and 5-hy- 
droxyisophthalic acid (H 2 Hip), (I). 

Complex (I) exhibits a layered structure in which the asymmetric unit consists of two Cd 11 ions, two hip, two TATP 
ligand and two lattice water molecules (Fig. 1). Fig. 2 shows a fragment of the fragment of ribbon chain in the structure 
of I. Each Cd 11 is hexa-coordinate and is surrounded by four oxygen atoms from three different hip ligands and two nitro- 
gen atoms from a chelating TATP ligand (Table 1), forming a distorted octahedral geometry. 

The hip ligand connects adjacent Cd" ions, forming layers parallel to (010). Intralayer O — H—O hydrogen bonds 
involving the hydroxy groups and solvent water molecules consolidate the crystal packing. A face-to-face distance of 
3.491 A between a pair of TATP ligands coordinated to the two Cd 11 ions is observed, showing significant n-n stacking 
interactions. 

Experimental 

Amixture of Cd(N0 3 ) 2 .4H 2 0 (0.5 mmol, 0.154 g), pyrazino[2,3-/][l,10]phenanthroline ligand (0.5 mmol, 0.116 g), H 2 hip 
(0.5 mmol, 0.083 g) and water (10 ml) was mixed in a 23 ml Teflon reactor, which was heated at 180° for six days and 
then cooled to room temperature at a rate of 5 ° h" 1 .Yield: 38%. CH&N analysis for C68H 3 8Cu 3 N 8 (found/calc): C, 
48.68(48.97), H, 2.60(2.71), N, 10.32%(10.63%). 

Refinement 

The H atoms of the aromatic rings were placed at calculated positions in the riding model approximation (C — H 0.93 A) 
with their temperature factors were set to 1.2 times those of the equivalent isotropic temperature factors of the parent 
atoms. The hydroxy H atom was placed at calculated positions in the riding model approximation(0 — H 0.82 A) with 
their temperature factors were set to 1.2 times those of the equivalent isotropic temperature factors of the parent atoms. 

Computing details 

Data collection: SMAR T (Bruker, 2001); cell refinement: SAINT (Bruker, 2001); data reduction: (Bruker, 2001); 

program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL97 
(Sheldrick, 2008); molecular graphics: SHELXL97 (Sheldrick, 2008); software used to prepare material for publication: 
SHELXL97 (Sheldrick, 2008). 
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Figure 1 

View of the structure of (I). Displacement ellipsoids are drawn at the 30% probability level. H atoms and the lattice water 
molecule have been omitted for clarity. [Symmetry code: (i) -x, -y+ 1, -z + 1.] 




Figure 2 

The fragment of one-dimensional ribbon chain. 
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i>catena-Poly[[bis(// 3 -5-hydroxyisophthalato)bis(pyrazino[2,3- f][1,10]phenanthroline)dicadmium] dihydrate] 



Crystal data 

[Cd 2 (C 8 H 4 05)2(C 14 H 8 N4)2] -2H 2 0 

M r = 1085.54 

Triclinic, PI 

Hall symbol: -P 1 

a = 8.6754 (13) A 

^ = 15.1114 (17) A 

c= 15.629 (3) A 

a = 92.903 (16)° 

j8 = 97.143 (13)° 

7 = 95.515 (9)° 

V= 2019.6 (5) A 3 

Data collection 

Broker APEX area-detector 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
<p and m scan 

Absorption correction: multi-scan 

(SADABS; Sheldrick, 1996) 
7^ = 0.681, r max = 0.751 



Z=2 

F(000) = 1080 

D x = 1.785 MgnT 3 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 20 reflections 

(9 = 2.7-22.3° 

H = 1.13 mnT 1 

T=293 K 

Block, red 

0.37 x 0.33 x 0.27 mm 



1 1 1 00 measured reflections 
9275 independent reflections 
8147 reflections with I > 2a(I) 
P mt = 0.061 

$max = 27.5°, 67mm = 1.8° 
A = -l-»ll 

Jt = -19— *19 
/= -20^20 



Refinement 

Refinement on T 72 

Least-squares matrix: full 

R[F>2a(F 2 )] = 0.031 

wRiF 1 )^ 0.114 

5= 1.07 

9275 reflections 

595 parameters 

0 restraints 

Primary atom site location: structure-invariant 
direct methods 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = 1/[cj 2 (F 0 2 ) + (0.06 \3P) 2 + 2.6404P] 

where P = (F 2 + 2F 2 )/3 
(A/o-)^ = 0.009 
A/w = 0.70 e A" 3 
A/w = -1.43 e A" 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of F 2 against ALL reflections. The weighted P-factor wR and goodness of fit S are based on F 2 , 
conventional i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 1 > ^(F 2 ) is used 
only for calculating P-factors(gt) etc. and is not relevant to the choice of reflections for refinement. i?-factors based on F 2 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 



y 



II- 



Cdl 

Cd2 

CI 

C2 



0.10447 (3) 
0.47056 (3) 
0.4157 (4) 
0.4157 (4) 



0.188967 (14) 
0.185064(14) 
0.0769 (2) 
-0.0043 (2) 



0.170325 (14) 
0.355404 (14) 
0.1864(2) 
0.1274 (2) 



0.02701 (8) 
0.02830 (8) 
0.0325 (7) 
0.0293 (6) 
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C3 


0.2868 (4) 


A AO 1 O ZO\ 

—0.0312 (2) 


A A/cz:o /o\ 
0.0662 (2J 


A AOAO { £\ 

0.0298 (6) 


H3A 


A O A/1 O" 

(J. 204/ 


A AA J 1 

0.0041 


0.05 /8 


A AO /C* 

0.036* 


P A 

C4 


A 1 Ol 1 

0.2821 (4) 


a i 1 1 a /i\ 

-0.1116 (2) 


A A 1 "7/" /1\ 

0.0176 (2) 


0.0306 (6) 


C5 


a yinon //i \ 
U.4U5U (4) 


—0.1622 (2) 


A A07ft 

U.U2 /9 (2) 


U.U355 (/) 


H5A 


A /I AC/C 

U.4U56 


— U.2151 


A AAC C 

— U.UU55 


A A/1 1 * 

U.U43* 


Co 


A //I A 
0.53 11 (4) 


—(J. 1341 (2) 


U.Us /9 (2) 


A A*3 CA /H\ 
U.U359 ( /) 


C / 


A C/1 1 A //1\ 

U.541U (4) 


— U.U553 (2) 


(1 n -7A /-)\ 
U.13 /9 (2) 


U.U32/ (/) 


H7A 


0.6272 


-0.0366 


0.1785 


A AO A rfc 

0.039* 


to 


A 1 A O 1 //1\ 

U.14Z1 (4) 


A 1 A A 1 /O* 

— U. 1441 (z ) 


A A/IA'2 /O* 

— U.U4bj (z J 


A AOOQ SH\ 

0.05Z6 {/) 


C9 


A 1A01 //I \ 

U.lUel (4) 


U.U/59 (2) 


U.31 IS (2) 


A AO OO SH\ 

0.032 / ( /) 


CIO 


A ftOftC / /I \ 

0.0805 (4) 


A A AO A 

-0.0039 (2) 


0.3672 (2) 


A A") A 1 //'X 

0.0301 (6) 


Oil 


a a/:oo /j\ 
— 0.0632 (4) 


a nccj /o\ 
—0.0553 (2) 


A 0 CA/I ZO\ 

0.3504 (2) 


A AO 0 C SH\ 

0.0335 (/) 


Tj 1 i a 
HI 1A 


A I/IT) 

— U. 14ZZ 


A AOO 1 

—0.03 / 1 


A 0 1 1 /l 

0.5 114 


A A/1 A* 

0.04U 


C12 


-0.0887 (4) 


-0.1337 (2) 


A 1 A 1 O / r \\ 

0.3918 (2) 


A AO C C /T\ 

0.0355 (7) 


C13 


A AO A A { A \ 

0.0304 (4) 


A 1 £ 1 O ZO\ 

—0.1612 (2) 


A A AO A ZO\ 

0.4484 (2) 


A AO /TO ZO\ 
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T T 1 J A 

H13A 


A A 1 A O 

0.0143 


A O 1 A 1 
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A A HZ C 

0.4 /55 


A f\A O * 

0.043* 


P 1 /I 

L14 


A IT/II f A\ 

0.1743 (4) 


A 1 A AO ZO\ 

-0.1098 (2) 


A /I /I A ZO\ 

0.4649 (2) 


0.0306 (6) 


C15 


A 1 AOC //I \ 

0.1 995 (4) 


A nine /o\ 
— U.U3U5 (2) 


A ylO? ft 

U.4259 (2) 


A ftOftT //r\ 

U.U29 / (6) 


TT1 f J 

H15A 


A 1 A A A 

0.2944 


0.0047 


0.4386 


A A O /" >k 

0.036* 


C16 


A OA1 H ( A\ 

0.301 / (4) 


A 1 J 1 O ZO\ 

—0. 1412 (2) 


0.526/ (2) 


A ftl 1 /I /£\ 

U.U3 14 (6J 


C17 


A AO 1 O i Z'\ 

-0.0218 (5) 


f\ "> f\A A /O \ 

0.3044 (3) 


A TT7ft ZO\ 

0.3270 (2) 


A A A A"7 

0.0407 (8) 


HI /A 


A AO O C 

— U.U325 


(\ O J oo 

0.2492 


U.35U6 


A A/1 O* 

U.U49 


pi o 

Lis 
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A O 7f O /O \ 

0.3758 (3) 
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— U.UU20 (1U) 


A A A 1 A / 1 1 \ A A A A 1 / 1 1 \ 

U.OUly (11) U.(J(J42 (11) 


07 0 C\dAQ (\ ^\ 

\J 1 W.UH-'H-y \ L J ) 


W.UH- jU (1t7 


U.UH-H-Z ^ 1 J J 


W.UUOU (^IZ J 


W.VJWJU(1ZJ u.uioi (izy 


08 0.0294(13) 


0.0476(16) 


0.080 (2) 


-0.0081 (11) 


-0.0032 (13) 0.0275 (15) 


09 0.0314(12) 


0.0500(15) 


0.0428 (14) 


0.0010(11) 


-0.0044(10) 0.0201 (12) 


O10 0.0400(14) 


0.0602 (17) 


0.0460 (15) 


0.0017(12) 


-0.0053 (11) 0.0358 (13) 


OIW 0.0513(16) 


0.0541 (17) 


0.0541 (17) 


0.0138 (13) 


0.0142 (13) 0.0125 (14) 


02W 0.0439 (15) 


0.0442 (15) 


0.0571 (17) 


0.0021 (12) 


0.0106 (13) 0.0023 (13) 


Geometric parameters (/ 


1°) 








Cdl — 07 


O O, A c ZO \ 

2.205 (3) 




C21 — C24 


1.395 (7) 


Cdl — Ol 


2.259 (2) 




XT'? 

C22 — N3 


1 Til /0\ 

1.331 (8) 


Cdl — N2 


2.339 (3) 




C22 — C23 


1.377 (11) 


/nil j-\ A j 

Cdl — 04 1 


2.360 (2) 




C22 — H22A 


A ATAA 

0.9300 


Cdl — N 1 


2.367 (3) 




(~ ' XT/1 

C23 — N4 


1 Tl/T /A\ 

1.326 (9) 


Cdl — 05 1 


2.384 (3) 




C23 — H23A 


A m AA 

0.9300 


Cdl — C8 1 


2.711 (3) 




C24 — N4 


1.351 (6) 


Cd2 — 02 


2.202 (2) 




C24 — C25 


1.457 (6) 


Cd2 — 06 


1 o, a c ZO \ 

2.295 (3) 




C25 — C29 


1.393 (5) 


riJI TvTC 

Cdz — N 5 


i nc /o \ 

2.325 (3) 




C25 — C26 


1 /I AO /T\ 

1.402 (7) 


Cd2 — 09" 


2.332 (2) 




C26 — C27 


1 1 /"A ZO\ 

1.369 (8) 


Cdz — JNo 


^ 1 A1 /"5 A 

2.343 (3) 




C2o — H2oA 


A A'JAA 
0.9300 


Cd2 — 0 1 0" 


2.362 (3) 




C27 — C28 


1.396 (6) 


Cd2 — C 1 6 


2.685 (3) 




C27 — H27A 


A m AA 

0.9300 


CI — Ol 


1.247 (4) 




C28 — N2 


1 1 O O /C\ 

1.323 (5) 


CI — 02 


1.271 (4) 




POO T TO O A 

C28 — H2oA 


A C\1 AA 

0.9300 


CI — C2 


1.497 (4) 




C29 — N2 


1.353 (4) 


C2 — C7 


1.390 (4) 




C29 — C30 


1.459 (5) 


C2 — C3 


1 o ao / a \ 

1.392 (4) 




XT1 

C30 — JN 1 


1 TCI / /I \ 

1.353 (4) 


C3 — C4 


1.394 (4) 




C31 — N5 


1.325 (5) 


C3 — H3A 


r\ r\-~t r\r\ 

0.9300 




C31 — C32 


1.397 (7) 


C4 — C5 


1.391 (5) 




C31 — H31A 


A A") AA 

0.9300 


C4 — C8 


1.499 (4) 




C32 — L33 


1 TjCO /A\ 

1.362 (9) 


C5 — C6 


1.380 (3) 




C32 — H32A 


A AO.AA 

0.9300 


C5 — H5A 


A AO AA 

0.9300 




C33 — C34 


1.400 (8) 


C6 — 03 


1.366 (4) 




C33 — H33A 


A AO A A 

0.9300 


C6 — C7 


1.386 (5) 




C34 — C44 


1 /IAO /C\ 

1.408 (5) 


C7 — H7A 


A AO AA 

0.9300 




C34 — C35 


1.447 (7) 


C8 — 05 


1.245 (4) 




C35 — N7 


1.365 (6) 


Co — 04 


1.264 (4) 




C35 — C38 


1.3^0 (a) 


C8— Cdl' 


2.711 (3) 




C36— N7 


1.332 (10) 


C9— 06 


1.257(4) 




C36— C37 


1.389 (12) 


C9— 07 


1.272 (4) 




C36— H36A 


0.9300 


C9— CIO 


1.485 (4) 




C37— N8 


1.333 (9) 


CIO— Cll 


1.392 (4) 




C37— H37A 


0.9300 
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pi 1 (\ ni r 

CIO — C15 


1 O A*7 / A \ 

1.397 (4) 


PTO TvTO 

C38 — N8 


1 O A £ ( £1\ 

1.346 (6) 


Cll — C12 


1.392 (5) 


P O O P O A 

C38 — C39 


1.454 (6) 


nil TT 1 1 A 

Cll — H11A 


p\ AO Pi Pi 

0.9300 


PO A P /I A 

C39 — C40 


1 OA/" { 

1.396 (7) 


C12 — 08 


1.365 (4) 


pin pi/n 

C39 — C43 


1 yl A A /C\ 

1.400 (5) 


C12 — C13 


1 1 o o /r\ 

1.383 (5) 


P /I A P ,4 1 

C40 — C4 l 


1 O "7 C / r 7\ 

1.375 (7) 


C13 — C14 


1 Ifl/t /C\ 

1.394 (5) 


p /I A TT/IAA 

C40 — H40A 


A AO AA 

0.9300 


pi O TT 1 O A 

C13 — HI J A 


A m AA 

0.9300 


p^ /i i p /i o 
C41 — C42 


1.376 (6) 


C14 — C15 


1.383 (4) 


p /l 1 T T /I 1 A 

C41 — H41A 


A AO AA 

0.9300 


p i zi /"< i p 

C14 — C16 


1 cm / a \ 

1.503 (4) 


pi /Cl TvTzT 

C42 — N6 


1 O O C /C\ 

1.335 (5) 


pi f TT 1 C A 

C 1 5 — H 1 5 A 


0.9300 


p /l O TT^IOA 

C42 — H42A 


A AO AA 

0.9300 


p - 1 P p 1 r\ 

C16 — OlO 


1.237 (4) 


p • .« 1 x T P 

C43 — N6 


1 O /I O S A\ 

1.348 (4) 


Cl6 — 09 


1.266 (4) 


P /I 1 P A A 

C43 — C44 


1.455 (5) 


P' 1 P p Jo jj 

C16 — Cd2" 


O PTOC ZO\ 

2.685 (3) 


A A XTC 

C44 — N 5 


1 O O A /C\ 

1.339 (5) 


pin XT 1 

C17 — JN1 


1.320 (5) 


03 — H3B 


A OOAA 

0.8200 


C17 — C18 


1 TA1 /P"\ 

1.392 (6) 


04 — Cdl 1 


O O P"A /T\ 

2.360 (2) 


p < i i-i T T 1 "7 A 

C17 — H17A 


pi AO pip\ 

0.9300 


05 — Cdl 1 


O TO/I /O \ 

2.384 (3) 


C 1 o — C 1 9 


1.372 (7) 


f~\0 T TO A 

08 — H8A 


A OOAA 

0.8200 


C18— H18A 


0.9300 


09— Cd2" 


2.332 (2) 


CI 9— C20 


1.400 (6) 


OlO— Cd2" 


2.362 (3) 


P 1 A TT1 A A 

C19 — H19A 


A A1AA 

0.9300 


Ol W — H1WA 


A O C AA 

0.8500 


C20 — C30 


1.396 (p) 


C\ 1 "\ "X 7 T T 1 W 7~D 

Ol W — HI WD 


A OCAA 
0.8500 


PI/A PT1 

C20 — C2 1 


1.457 (6) 


OzW — HzWA 


A O C AA 

0.8500 


PI 1 XTO 

C21 — N3 


1.354 (6) 


02W — H2WB 


A O A AA 

0.8499 


U / — Cdl — Ul 


AO £0/1 A\ 

92. 6o (10) 


p^a rin t_tioa 
C20 — C 1 9 — H 1 9 A 


1 OA 1 

120.1 


07 — Cdl — N2 


1 1A PO /1 A\ 

170.68 (10) 


POA PTA P1 A 

C30 — C20 — C19 


117.5 (4) 


P"N 1 J I \ti 

Ol — Cdl — N2 


OA OA / 1 A\ 

89.39 (10) 


POA PTA pli^l 

C30 — C20 — C21 


1 1 A A / A \ 

119.9 (4) 


07 — Cdl — 04' 


OA AC / 1 A\ 

89.95 (10) 


pin POA P11 

C 1 9 — CzO — Cz 1 


1 O O C / A\ 

122.5 (4) 


Ol — Cdl — 04' 


A A OA /A\ 

94.29 (9) 


XTO PO 1 po yl 

N3 — Cz 1 — Cz4 


1 OO A / A \ 

122.4 (4) 


\Ti P J. 1 P~\ A i 

N2 — Cdl — 04 1 


AO A P / 1 A\ 

98.96 (10) 


XTO P11 PTA 

N3 — C21 — C20 


117.7 (5) 


/~\"7 P" .1 1 \T1 

07 — Cdl — Nl 


1A1 / O H 1 \ 

101.48 (11) 


PI J PT1 PTA 

C24 — C21 — C20 


1 1 A A / A \ 

119.9 (4) 


p^v 1 p J 1 XT 1 

Ol — Cdl — Nl 


1 OT 1 PT /A\ 

127.16 (9) 


xto nn 

N3 — C22 — C23 


1 OO 1 ( c\ 

\22.\ (5) 


XTO /"Ml XT1 

JNZ — Cdl — JN1 


H(\ OA /1 A\ 

/0.20 (10) 


XTO POO T-JOO A 

N 5 — C2z — till A 


1 1 O A 

iia.9 


f~\ A i PJ1 "\T1 

04' — Cdl — Nl 


1 O C Tl / pi \ 

135.72 (9) 


C23 — C22 — H22A 


118.9 


f~\H P J1 PCi 

07 — Cdl — 05' 


AO A/T / 1 1 \ 

92.96 (11) 


TvT/l p 1 PTT 

N 4 — Cz3 — Czz 


1 O O A /C\ 

123.9 (5) 


Ol — Cdl — 05' 


^ ao in /a\ 

148.77 (9) 


N 4 — Cz 3 — Hz 3 A 


1 1 O A 

118.0 


TVTO P Jl Pi ci 

N2 — Cdl — 05 1 


OA APT /1 1 \ 

89.96 (11) 


POO POO TTT) A 

Czz — C23 — Hz3A 


1 1 O A 

118.0 


f~\ A i P Ji PCi 

04 1 — Cdl — 05' 


cc m /a\ 

55.03 (9) 


XTyl PO /I POI 

N4 — Cz4 — Cz 1 


1 O 1 C / A \ 

121.5 (4) 


XT 1 p Jl PC i 

Nl — Cdl — 05' 


O 1 CO /A\ 

81.52 (9) 


XTyl PO /I POC 

N4 — Cz4 — Cz5 


1 1 o o /c\ 

118.2 (5) 


07 — Cdl — C8 


AA AO / 1 A\ 

90.03 (10) 


PO 1 PO y| POC 

Czl — Cz4 — Cz5 


1 O A O f A\ 

120.3 (4) 


/\ i p 11 POi 

Ol — Cdl — C8 


1 11 AO / 1 A\ 

122.03 (10) 


Cz9 — Cz5 — Czo 


1 1 *7 O / A\ 

in. 2 (4) 


"KTO P Jl POi 

N2 — Cdl — C8 1 


C\£ CO / 1 1 \ 

96.58 (11) 


POA POC p ^ A 

Cz9 — Cz5 — Cz4 


1 1 A *7 / /I \ 

119.7 (4) 


P A i P J 1 POi 

04' — Cdl — C8 1 


OT TO / pi \ 

27.78 (9) 


POP PTC Pi J 

C26 — C25 — C24 


1 O O A / A \ 

123.0 (4) 


XT 1 1 POI 

Nl — Cdl — Co 


1 AO TO / 1 A\ 

10s. / j (10) 


m pt/ n; 
C2 / — C26 — C25 


1 1 A H {A \ 
119. / (4) 


05'— Cdl— C8 1 


27.34 (10) 


C27— C26— H26A 


120.1 


02— Cd2— 06 


89.39 (10) 


C25— C26— H26A 


120.1 


02— Cd2— N5 


160.40 (10) 


C26— C27— C28 


119.4 (4) 


06— Cd2— N5 


81.94(10) 


C26— C27— H27A 


120.3 


02— Cd2— 09" 


94.61 (10) 


C28— C27— H27A 


120.3 
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s \ /_ p j o P.Aii 

06 — Cd2 — 09 


AO O 1 /A\ 

98.31 (9) 


N5 — Cd2 — 09 


1 AT AA / 1 A\ 

103.99 (10) 


02 — Cd2 — N6 


m a/: / 1 1 s 

97.96 (11) 


06 — Cd2 — N6 


1 1 /; AC / 1 AS 

116.05 (10) 


\Tf p 1 0 TvTzT 

N5 — Cd2 — N6 


*7A /^/T / 1 A\ 

70.66 (10) 


09 — Cd2 — N6 


1 /I O O /I / 1 A\ 

143.34 (10) 


02 — Cd2 — 0 1 0" 


a/: AC /I 1 \ 

96.45 (11) 


n jo 1 Aii 

(J 6 — C dz — (J 10 


1 CI /I 1 /A\ 

153.41 (9) 


1\JC P JO P1 Aii 

JN j — Ccl2 — U 1 (J 


A A 1/1 / 1 1 \ 

99.14 (1 1J 


/~\Aii Z~ * ,]o z"\1Aii 

09" — Cd2 — 0 1 0" 


f f AC / A\ 

55.45 (9) 


\T/: r\ 1 Aii 

N 6 — Cd2 — 0 1 0" 


OO OO /AS 

00.00 (9) 


i"vO /n 10 pi /rji 

02 — Caz — C 1 6 


A A *7A / 1 A\ 

94.70 (10) 


f \ S p jo z~<1zCii 

U6 — Caz — C 1 0 


is/; ^ ^ / 1 AS 

1/6.42 (1U) 


XTC Z"" 1 JO f ^ 1 ZTii 

N 5 — Caz — C 1 6" 


1 a a z: 1 / 1 AS 

104.61 (10) 


/"v r\j j p jo P1 /"ii 

09" — Cd2 — C 1 6" 


OO 10 /A\ 

28.12 (9) 


N 6 — Cd2 — C 1 6 


1 1 /" 1 /" /1 A\ 

116.16 (10) 


U 1 U — Cdz — C 1 0 


T7 /AS 

z /.4z (9) 


Ol — CI — 02 


1 O /I T /IS 

124.3 (3) 


Ol — CI — C2 


1 O A 1 /O \ 

120.1 (3) 


02 — CI — Cz 


115.6 (3) 


f~*H f") po 

C7 — Cz — C3 


1 OA C /") S 

120.5 (3) 


PO" PO P 1 

C7 — Cz — CI 


1 1 A -1 /T S 

119.4 (3) 


C3 — C2 — CI 


1 O A A /O \ 

120.0 (3) 


C2 — C3 — C4 


1 1 A 1 /0\ 

119.2 (3) 


/•O O TJO A 

Cz — C3 — Hi A 


1 OA /I 

lzu.4 


f ' A p 0 tto A 

C4 — C3 — H3A 


120.4 


C5 — C4 — C3 


1 O A 1 ZO \ 

120.1 (3) 


C5 — C4 — C8 


1 1 A /I /"> \ 

119.4 (3) 


CJ — C4 — Co 


1 OA C /^S 

lzU.5 (3) 


p s~ i~ 1 r p a 

Co — C5 — C4 


1 O A O /"O \ 

120.3 (3) 


P / PC TIf A 

Co — C5 — H5A 


1 1 A A 

119.9 


p J PC TTf A 

C4 — C5 — H5A 


1 1 A A 

119.9 


03 — Co — C5 


1 1 O /I /I s 

118.4 (3) 


z~\o z" 1 r /~> i 

03 — Co — C7 


121.6 (3) 


PC pi/; PO" 

C5 — Co — C7 


1 OA A /I \ 

120.0 (3) 


Co — C7 — C2 


1 1 A A /OS 

119.9 (3) 


p / P O rn A 

Co — C7 — H7A 


1 OA A 

120.0 


p 0 po Tn a 

C2 — C7 — H7A 


1 OA A 

120.0 


c\c po r\ a 

05 — Co — 04 


121.7 (3) 


05 — Co — C4 


1 1 n j /os 

119.4 (3) 


/~\ A Z~~" O P /I 

04 — Co — C4 


1 1 O A /">\ 

118.9 (3) 


f~\C Z -1 O Z"" 1 A 1 i 

05 — Co — Cdl 


61.56 (18) 


r\ a /~> 0 A 1 i 

04 — Co — Cdl 


/: a -10 / 1 o"s 

60.48 (17) 


/"* A /~" 0 J 1 i 

C4 — Co — Cdl 


Hyl c /OS 

1 /4.5 (3) 


06— C9— 07 


122.8 (3) 


06— C9— CIO 


120.6 (3) 


07— C9— CIO 


116.6(3) 


Cll— CIO— C15 


120.3 (3) 


Cll— CIO— C9 


118.7(3) 



X TO POO POl 

Nz — Czo — Cz / 


10 1 A / A \ 

121. y (4) 


XTO POO TTOO A 

N z — Cz 8 — Hz 0 A 


1 1 A 1 

119.1 


POO poo T to O A 

Cz7 — Cz8 — HzoA 


1 1 A 1 

119.1 


XTO PO" POC 

N2 — C29 — C25 


122.7 (3) 


XTO POO PTrt 

JNz — Cz9 — C30 


1 1 /.I (3J 


/—' 0 C POA /" • "> /\ 

C25 — C29 — C30 


1 O A O /O \ 

120.2 (3) 


\T1 POA / ' 0 /\ 

Nl — C30 — C20 


1000 /o\ 

122.3 (3) 


XT1 PTA PO" 

N 1 — C30 — Cz9 


W W H O /O \ 

117.8 (3) 


POA p ") A PO" 

CzO — C30 — C29 


1 1 A A ZO\ 

119.9 (3) 


\Tf PO 1 POO 

N5 — C31 — C32 


121.7 (5) 


XTC p O 1 t to 1 A 

N5 — C3 1 — H3 1 A 


1 1 A 1 

119.1 


/" ^ 0 0 P Ol T TO 1 A 

C32 — C31 — H31A 


119.1 


POO poo pi 1 

C33 — C32 — C3 1 


1 1 A C /C\ 

119.5 (5) 


/"■oo nn ttoo a 

C33 — C32 — H32A 


1 OA O 

120.3 


p^i pio TTOOA 

C3 1 — C3z — H3zA 


1 OA O 

120.3 


POO poo p 0 /I 

C3z — C33 — C34 


1 1 A A / A \ 

119.9 (4) 


POO pil TTO O A 

C3z — C33 — H33A 


1 OA 1 

120.1 


PO A p O O TTOO A 

C34 — C33 — H33A 


1 OA 1 

120.1 


POO p 0 /I p /I /I 

C33 — C34 — C44 


HO A / /I \ 

117.0 (4) 


POO p O /I pif 

C33 — C34 — C35 


IOO O / A \ 

123.8 (4) 


C44 — C34 — C35 


1 1 A 1 / A \ 

119.1 (4) 


\jn POC p 0 0 

N7 — C35 — C38 


1 OA O /C\ 

120.8 (5) 


\Tn POC p "> ,« 

N7 — C35 — C34 


118.1 (6) 


POO pif /" ' 0 /I 

C38 — C35 — C34 


10 1 1 / A \ 

121.1 (4) 


N 7 — C3 6 — C3 7 


1 OO C S£\ 

123.5 (6) 


TvTT /" < ") /_ tto /T A 

N 7 — C3 6 — H3 6 A 


1100 
118.3 


p 0 T P" O /" T TO Z' A 

C37 — C36 — H36A 


118.3 


XTO p O "7 /" • O /_ 

N8 — C37 — C36 


10 1 /zl\ 

121.6 (6) 


JNo — C3 / — H3 / A 


1 1 A O 

1 19. z 


C36 — C37 — H37A 


119.2 


XTO POO POC 

N8 — C38 — C35 


1 OO H /C\ 

122.7 (5) 


xto *~<oo pin 

N8 — C38 — C39 


1 n o /c\ 

117.3 (5) 


nc /~<oo /~<oa 

C35 — C38 — C39 


1 OA A //IS 

120.0 (4) 


p a r\ p -) r\ p /I 0 

C40 — C39 — C43 


117.4 (4) 


p /i a pin poo 

C40 — C39 — C38 


IOO O / A \ 

123.2 (4) 


P /i 0 p n p\ POO 

C43 — C39 — C38 


1 1 A O / A \ 

119.3 (4) 


/" •/ll P /I A p O A 

C41 — C40 — C39 


1 1 A H { A \ 

119.7 (4) 


/"•/ll P/1A TT/IAA 

C4 1 — C40 — H4 OA 


1 OA O 

120.2 


p 0 r\ p a r\ TT/IAA 

C3 9 — C40 — H40A 


120.2 


/" • A l \ p A 1 f • J O 

C40 — C41 — C42 


1 1 A C / A \ 

119.5 (4) 


An t~~* a 1 TTii a 

C4U — C41 — H41A 


1 OA O 

120.2 


C42 — C4 1 — H4 1 A 


1 OA O 

120.2 


\T/ r~\ A O A 1 

N 6 — C42 — C4 1 


10 1 A / A S 

121.9 (4) 


XT/: /•/lO TJ/IO A 

JN 0 — C4z — H4z A 


1 1 A 1 

1 19. 1 


C41— C42— H42A 


119.1 


N6— C43— C39 


122.0 (3) 


N6— C43— C44 


117.4 (3) 


C39— C43— C44 


120.6 (3) 


N5— C44— C34 


122.4 (4) 
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C15— CIO— C9 
C12— Cll— CIO 
C12— Cll— H11A 
CIO— Cll— H11A 
08— C12— C13 

08— C12— Cll 
C13— C12— Cll 
C12— C13— C14 
C12— C13— H13A 
C14— C13— H13A 
C15— C14— C13 
C15— C14— C16 
C13— C14— C16 
C14— C15— CIO 
C14— C15— H15A 
CIO— C15— H15A 
010— CI 6— 09 
010— C16— C14 

09— CI 6— C 14 

010— CI 6— Cd2 u 
09— CI 6— Cd2 a 
CI 4— CI 6— Cd2 u 
Nl— C17— C18 
Nl— CI 7— H17A 
C18— C17— H17A 
C19— C18— C17 
C19— C18— H18A 
C17— C18— H18A 
CI 8— CI 9— C20 
C18— C19— H19A 



120.8 (3) 

120.0 (3) 
120.0 
120.0 
118.9(3) 

121.4 (3) 
119.7(3) 

120.2 (3) 
119.9 
119.9 

120.6 (3) 

120.3 (3) 

119.1 (3) 
119.1 (3) 
120.4 
120.4 

121.5 (3) 
119.6(3) 
118.9(3) 
61.58 (18) 
60.23 (17) 
175.5 (2) 

122.7 (4) 
118.6 
118.6 

118.8 (4) 
120.6 
120.6 
119.7(4) 
120.1 



N5— C44— C43 
C34— C44— C43 
C17— Nl— C30 
C17— Nl— Cdl 
C30— Nl— Cdl 
C28— N2— C29 
C28— N2— Cdl 
C29— N2— Cdl 
C22— N3— C21 
C23— N4— C24 
C31— N5— C44 
C31— N5— Cd2 
C44— N5— Cd2 
C42— N6— C43 
C42— N6— Cd2 
C43— N6— Cd2 
C36— N7— C35 
C37— N8— C38 
CI— 01— Cdl 
CI— 02— Cd2 
C6— 03— H3B 
C8— 04— Cdl' 
C8— 05— Cdl 1 
C9— 06— Cd2 
C9— 07— Cdl 
C12— 08— H8A 
CI 6— 09— Cd2 u 
CI 6— 010— Cd2" 
H 1 WA— 0 1 W— H 1 WB 
H2WA— 02W— H2WB 



117.7(3) 
119.9(4) 
118.9(3) 
124.1 (2) 

115.3 (2) 

119.1 (3) 

123.2 (3) 
116.6(2) 

115.1 (6) 
115.0(6) 
119.5 (3) 
123.0 (3) 

117.4 (2) 

119.3 (3) 

124.0 (2) 
116.7(2) 

115.4 (7) 
116.0(7) 
139.9 (2) 
116.7(2) 
109.5 
91.74(19) 
91.1 (2) 

142.2 (2) 

112.1 (2) 
109.5 
91.65 (19) 
91.0 (2) 
120.0 
120.0 



01— CI— C2— C7 

02— CI— C2— C7 

01— CI— C2— C3 

02— CI— C2— C3 
C7— C2— C3— C4 
CI— C2— C3— C4 
C2— C3— C4— C5 
C2— C3— C4— C8 
C3— C4— C5— C6 
C8— C4— C5— C6 
C4— C5— C6— 03 
C4— C5— C6— C7 

03— C6— C7— C2 
C5— C6— C7— C2 
C3— C2— C7— C6 
CI— C2— C7— C6 
C5— C4— C8— 05 
C3— C4— C8— 05 



154.7 (3) 
-26.3 (5) 
-29.3 (5) 

149.8 (3) 

2.3 (5) 
-173.8(3) 
-2.6 (5) 
177.6(3) 

1.4 (5) 
-178.7(3) 
179.7 (3) 
0.1 (6) 

179.9 (3) 
-0.5 (6) 
-0.7 (5) 
175.3 (3) 
-17.3 (5) 
162.5 (3) 



01— Cdl- 
N2— Cdl- 
04'— Cdl- 
05'— Cdl- 
C8 1 — Cdl- 
07— Cdl- 
01— Cdl- 
N2— Cdl- 
04'— Cdl- 
05'— Cdl- 
C8 1 — Cdl- 
C27— C28- 
C27— C28- 
C25— C29- 
C30— C29- 
C25— C29- 
C30— C29- 
07— Cdl- 



-Nl— C17 
-Nl— C17 
-Nl— C17 
-Nl— C17 
-Nl— C17 
-Nl— C30 
-Nl— C30 
-Nl— C30 
-Nl— C30 
-Nl— C30 
-Nl— C30 
-N2— C29 
-N2— Cdl 
-N2— C28 
-N2— C28 
-N2— Cdl 
-N2— Cdl 
-N2— C28 



-107.3 (3) 

179.4 (3) 
97.0 (3) 
86.3 (3) 
89.0 (3) 
-169.8(2) 
87.8 (3) 
14.5 (2) 
-67.9 (3) 
-78.5 (2) 
-75.8 (2) 
0.5 (7) 
168.1 (4) 
1.6(5) 
-178.9(3) 
-166.8(3) 
12.7 (4) 

150.5 (6) 
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pin pTf pi/ pn 
C29 — C2o — C2o — C2 / 
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1.3 (9) 


C26— C27— C28— N2 


-1.9(9) 


C26— C25— C29— N2 


-2.1 (6) 


C24— C25— C29— N2 


178.8 (4) 



01— Cdl— N2— C28 47.7 (3) 

04'— Cdl— N2— C28 -46.6 (3) 

Nl— Cdl— N2— C28 177.9 (3) 

05'— Cdl— N2— C28 -101.1(3) 

C8'— Cdl— N2— C28 -74.5 (3) 

07— Cdl— N2— C29 -41.6(8) 

01— Cdl— N2— C29 -144.5 (3) 
04'— Cdl— N2— C29 121.3 (2) 
Nl— Cdl— N2— C29 -14.3 (2) 
05'— Cdl— N2— C29 66.7 (2) 
C8'— Cdl— N2— C29 93.3 (3) 
C23— C22— N3— C21 0.8 (9) 
C24— C21— N3— C22 "1-6(7) 
C20— C21— N3— C22 179.9 (5) 
C22— C23— N4— C24 0.4 (10) 
C21— C24— N4— C23 "1-2(8) 
C25— C24— N4— C23 178.2 (5) 
C32— C31— N5— C44 -0.3(6) 
C32— C31— N5— Cd2 -176.9(4) 
C34— C44— N5— C31 -0.7(5) 
C43— C44— N5— C31 179.3 (3) 
C34— C44— N5— Cd2 176.1 (3) 
C43— C44— N5— Cd2 -4.0 (4) 

02— Cd2— N5— C31 123.5(4) 
06— Cd2— N5— C31 59.0(3) 
09"— Cd2— N5— C31 -37.7(3) 
N6— Cd2— N5— C31 -179.7(3) 
010"— Cd2— N5— C31 -94.2(3) 
C16"— Cd2— N5— C31 -66.7(3) 
02— Cd2— N5— C44 -53.1 (4) 
06— Cd2— N5— C44 -117.7(3) 
09"— Cd2— N5— C44 145.7 (2) 
N6— Cd2— N5— C44 3.6 (2) 
010"— Cd2— N5— C44 89.2 (2) 

C 1 6"— Cd2— N5— C44 116.7 (2) 

C41— C42— N6— C43 0.3 (6) 

C41— C42— N6— Cd2 -179.8 (3) 

C39— C43— N6— C42 1.8(5) 

C44— C43— N6— C42 -178.1 (3) 

C39— C43— N6— Cd2 -178.0(3) 

C44— C43— N6— Cd2 2.0 (4) 

02— Cd2— N6— C42 -19.2 (3) 

06— Cd2— N6— C42 -112.5(3) 

N5— Cd2— N6— C42 177.2 (3) 

09"— Cd2— N6— C42 89.6 (3) 

010"— Cd2— N6— C42 77.1 (3) 

CI 6"— Cd2— N6— C42 80.0 (3) 

02— Cd2— N6— C43 160.6 (2) 

06— Cd2— N6— C43 67.4 (3) 
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Symmetry codes: (i) -x, -y, -z; (i 


i) -x+l, 


-y, -z+1. 












Hydrogen-bond geometry (A, °) 
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D H 
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Symmetry codes: (iii) x,y-\, z; (iv) x~\ , y-l , z; (v) x,y+l, z; (vi) x+\,y+\,z. 
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